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CHAPTER 1. GENERAL INTRODUCTION 
Soybeans are the world's most important oilseed source of vegetable oil and protein. 
Soybeans were grown by farmers in China as early as 5,000 years ago. U.S. farmers began 
growing soybeans in 1829. By the early 20th century, United States became a major producer 
of soybeans. Soybeans have been processed for their oil and protein content in the U.S. since 
1922. 
Soybean meal (SBM) is produced as a result of extraction of oil from soybeans. 
Generally, the majority of soybean value is derived from the meal. During solvent extraction 
processing, soybeans are cracked to remove the hull, then rolled into full-fat flakes. The 
rolling process disrupts the oil cells, facilitating action of the solvent. After the oil has been 
extracted, the solvent is removed, and the flakes are dried to create defatted soy flakes. Most 
defatted soy flakes are further processed into SBM for animal feed. The flakes can also be 
ground to produce soy flour, sized to produce soy grits or used to produce texturized 
vegetable protein (TVP) for food uses. Further processing can produce high protein food 
ingredients such as soy protein concentrates and isolated soy protein. These ingredients have 
functional and nutritional applications in various types of bakery, dairy and meat products, 
infant formulas and the new generation soy foods. One bushel of soybeans produces about 11 
pounds of crude oil and about 48 pounds of 48% protein SBM. A flowchart of soybean 
processing is shown in figure 1. 
Traditionally, United States has been the major supplier to the global soybean market, 
but soybean production in both Brazil and Argentina increased sharply in past few years. 
USDA Economic Research Service (ERS) (1) showed that the emergence of South America 
as a major competitor has decreased U.S. farm prices. ERS estimated that a 1 percent 
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increase in South American soybean production reduced the season-average soybean price 
received by U.S. farmers by about one-quarter percent (1-2 cents per bushel). The South 
American (Brazil and Argentina combined) market share of soybeans increased from 34% in 
1999 to 42% in 2004 (2). Figures 2, 3 and 4 show the world soybean production, soybean 
exports and SBM exports respectively. 
U.S. leads the world in soybean exports but lags Argentina and Brazil in SBM 
exports. A large percentage of SBM produced in U.S. is utilized for domestic consumption. 
The South American countries have chosen to invest in processing and export of processed 
products, possibly because their cost of production is lower than that of the U.S. and many 
soybean importing nations. Table 1 shows the top ten U.S. customers for soybeans, soybean 
meal and soybean oil in 2004. 
For a long time, a commodity price system has been followed for marketing whole 
soybeans. Soybean price is based upon the yield (weight) and does not take into account its 
intrinsic quality parameters. In United States, soybean meal is traded as per National Oil 
Processors Association (NOPA) specifications (3). According to the NOPA specifications, 
soybean meal is priced at either 44% (with hulls) or 48% (dehulled) protein content. As with 
whole soybeans, there are no premiums for any exceeding specifications. 
The Chicago Board of Trade (CBOT) standard soybean meal contract is 48% meal. 
The standard specifications for SBM trade are: 
1. SBM with hulls allow a minimum of 44% protein and 0.5% fat with a maximum of 
7.0% fiber and 12.0% moisture content. Dehulled SBM is allowed a minimum of 
47.5-49.0% protein (varying by contract) and 0.5% fat with a maximum of 3.3-
3.5% fiber and 12.0% moisture. 
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2. There are no penalties for a SBM lot testing 12.5% moisture or less but a 
proportionate penalty of 2 times delivered invoice bulk price from 12% to 13% 
moisture and 2.5 times delivered invoice for excess moisture above 13% is charged. 
3. Fiber is discounted 1% of price for each O.1cIo fiber in excess of 7.5% (hulled meal) 
or 3.5% (dehulled meal). 
There has been an increase in the interest in nutritional value of soybean products. 
The end use quality of soybeans for the livestock feeders goes beyond the protein and oil 
contents to the amino acids and isoflavone contents (4). SBM, being rich in dietary protein 
and essential amino acids is widely used as a feedstuff for swine and poultry. For every 
pound of animal growth, swine and poultry producers utilize about half a pound of SBM. 
Swine and poultry feed accounts for 75 percent of all domestic U.S. SBM consumption (5). It 
is important to quantify the concentrations of key nutrients and anti-nutritional factors in 
SBM in order to determine their nutritional value to swine and poultry (6). 
In order to improve the position of the U.S. in world soybean trade, there is a need to 
encourage superior breeding, producing, processing and marketing practices for soybeans. 
This can be done by improving the framework for soybean pricing in order to ensure 
maximum returns to the people involved in superior production practices. However, soybean 
pricing cannot change without first increasing the sensitivity of SBM process to soybean 
quality. 
Protein analysis is a key step in determining the quality of soybeans and SBM. Amino 
acids are the building blocks of proteins and when fed to livestock are used to build body 
protein. Both the total protein content and the amino acid profile of SBM are very important 
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in livestock feed. Lysine, threonine and tryptophan are the limiting amino acids for swine. 
Methionine, cysteine, lysine and threonine are usually the limiting amino acids for poultry. 
Many studies have been conducted to measure the amounts and quality of end 
products of soybean processing. The SPROC-2 model developed by Brumm and Hurburgh in 
1990 (7) and refined by Kundra in 2004(SPROC-3) (8) is a mass balance model that 
simulates the solvent extraction process and estimates the chemical composition of SBM 
derived from soybeans of known composition. The input variables of this model include raw 
soybean weight, moisture, and chemical composition, plus processing and pricing variables. 
Outputs of the model include weights of extracted oil and SBM, chemical composition of 
SBM and of oil. An estimated processed value (EPV) of soybeans, in dollars per ton, on the 
basis of protein and oil contents is estimated by the model, by using yields and composition 
of products derived from solvent extraction, and their market prices. The recent update (8) 
added the capability to track amino acids, fatty acids, and sugars through the processing 
operation (either solvent or expeller). The SPROC-3 model is also linked to popular 
livestock ration balancing software so that real feeding values based on meal properties can 
be calculated. 
These studies stress the need for reorienting the framework of soybean and SBM 
pricing to be based on the intrinsic quality factors and not on weight alone. The first step in 
this process is to establish the quality of U.S. soybeans and soybean meal and compared to 
other origins. Differences of composition can then be analyzed against livestock nutrition 
requirements. The objective of the present research is to survey the quality of soybeans and 
soybean meal from world origins and to compare these quality factors based on the end-use 
of soybeans and SBM. 
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THESIS ORGANIZATION 
This thesis consists of two papers. These were written in the format required for 
publication by the Journal of American Oil Chemists' Society (JAOCS). The titles of the two 
papers are: "Quality of U.S. soybean meal compared to the quality of soybean meal from 
other origins" and "Importance and practical measurement of SBM composition for livestock 
nutrition". The first of these papers has also been presented at the 2006 annual meeting of 
American Oil Chemists' Society. 
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Figure 1: Soybean Processing Flowchart 
Source: National Soybean Research Laboratory (9) 
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CHAPTER 2. QUALITY OF U.S. SOYBEAN MEAL COMPARED TO 
THE QUALITY OF SOYBEAN MEAL FROM OTHER ORIGINS 
A paper to be submitted in the Journal of the American Oil Chemists' Society 
Maitri Thakur and Charles R. Hurburgh, Jr. 
Department of Agricultural and Biosystems Engineering, Iowa State University, 
Ames, IA 50011 
ABSTRACT 
A study was conducted to determine the comparative quality of soybeans and soybean 
meal (SBM) from nonUS versus US origins. U.S. SBM was more consistent with higher 
digestibility (by KOH solubility), lower fiber and better quality of protein (by essential amino 
acid levels) than SBM of other major export origins (Argentina, Brazil and India). Protein 
quality carried through from whole soybeans to SBM, for a given origin. While the protein 
content was higher for the SBM from Brazil, the percentage of total digestible amino acids 
was highest for the SBM from U.S. and China. U.S. SBM was highest in the total of 5 
essential amino acids for both poultry and swine feed uses, which when coupled with higher 
digestibility, would give U.S. meal an advantage in rations balanced on amino acids. The 
mean particle size for all SBM from all origins was within the desirable range specified by 
nutritionists. U.S. soybeans were lower in protein than Brazilian soybeans, but higher than 
Argentine soybeans. The crude protein disadvantage of U.S. soybeans was offset by higher 
concentrations of the essential amino acids in the lower protein soybeans. U.S. soybeans 
were lower in oil content than soybeans from either of the South American origins. 
KEY WORDS: Soybean meal, soybeans, quality, protein, amino acids, U.S., other origins. 
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INTRODUCTION 
Soybeans were planted on 75.2 million acres in 2004, producing a record 3.141 
billion bushels of soybeans with the total 2004 crop value exceeding $17.7 billion. 
Traditionally, United States has been the dominant supplier in the global soybean market but 
the South American (Brazil and Argentina combined) market share of soybeans increased 
from 34% in 1999 to 42% in 2004 (1). 
The large variation in the world environmental conditions in which soybeans are 
grown combine with the differences in varieties and agricultural practices to create varying 
quality parameters of soybeans. Furthermore, the differences in meal processing conditions 
such as moisture, temperature and drying times results in soybean meal with different 
composition and quality parameters. 
In order to improve the position of U.S. in the world trade markets, there is a need to 
encourage superior breeding, producing, processing and marketing practices for soybeans. 
This can be made possible by improving the framework for both soybean and soybean meal 
pricing. 
The quality of soybeans and SBM from United States and other origins has been 
studied. Grieshop and Fahey in 2001 (2) determined that soybeans from China had a greater 
crude protein (42.14%) and a lower lipid concentration (17.25%) than those from Brazil (CP 
= 40.86%, Lipid = 18.66%) and U.S. (CP = 41.58%, Lipid = 18.70%) on a dry matter basis. 
Moizuddin (3) and Park (4), in separate studies, found that SBM samples from EU and U.S. 
had the highest level of protein and the lowest level of fiber compared to SBM from India, 
Brazil, Argentina and China. Park also found that some non-U.S. samples would qualify as 
high-protein meal in U.S. markets. 
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Grieshop et. al. (5) reported that the dry basis crude protein concentrations (51.6-
54.6%) were higher (P < 0.05) in SBM produced in the southern U.S. and the protein 
dispersibility index was affected by the source of SBM. SBM derived from 10 U.S. 
processing plants varied in crude protein, acid-hydrolyzed fat, total dietary fiber and lysine 
concentrations. This is consistent with long term studies showing that whole soybeans from 
southern U.S. have higher protein. 
The KOH protein solubility test is the most useful for detecting under- or over-
processing of SBM (6). Studies conducted by Batal et. al. (7) and Araba and Dale (8) 
reported a growth depression when chicks consumed under-processed SBM with protein 
solubility in KOH (alkaline) greater than 85% (7) and when they consumed the meal that had 
protein solubility less than 70% (over-processed) (8). Moizuddin (3) found that the KOH 
solubility values were within the acceptable range of 80-85% for SBM samples from E.U., 
U.S. and China while SBM samples from Brazil had a KOH solubility value of 80%, which 
would not leave much room for deterioration during storage and shipping. 
The Nitrogen Solubility Index (NSI) in caustic solution is another indicator of the 
degree of processing in oilseed meals and has been directly related to amino acid availability 
(6). NSI values ranging from 15-30% on a 12% moisture basis are recommended for both 
hulled and dehulled SBM (9). 
Non-protein-nitrogen (NPN) sources such as urea and ammonia are sometimes 
utilized in ruminant rations low in protein and relatively high in digestible energy (10). These 
NPN sources increase the apparent protein content of SBM. Poisoning by ingestion of excess 
urea or other sources of NPN is usually acute, rapidly progressing, and fatal (11). 
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Mycotoxins cause reductions in feed intake, growth performance, and immune 
function when the levels are relatively low (11). Spore counts of less than 10,000 colony 
forming units per gram (cfu/g) are commonly found in grain. Mold count becomes visible at 
approximately 1,000,000 cfu/g (12). 
Particle size of SBM is very important when the SBM is used animal feed. Increased 
surface area for enzyme action improves efficiency of digestion and ultimately efficiency of 
body weight gain. The desired particle size for feed applications is between 250 microns and 
1700 microns, a normal bell-shaped distribution (13). 
Amino acids (AA) determine the species-specific feeding value. The amino acids that 
an animal cannot synthesize from proteins fed and must be externally supplied are referred to 
as essential amino acids. The amino acids that are present in the least amount in a feed 
relative to their requirement by the animal are referred to as the limiting amino acids (14). 
The limiting amino acids for swine are lysine, threonine and tryptophan and for poultry are 
methionine, lysine and threonine. Lysine, methionine, threonine, cysteine and tryptophan are 
five key amino acids that are essential for both swine and poultry nutrition. Karr-Lilienthal 
et.al. (15) reported 87% true digestibility in Argentine SBM, 82% in Brazilian SBM and 91% 
in U.S. SBM. Moizuddin (3) reported that the lysine content in SBM from U.S. and EU were 
consistently higher compared to SBM from other origins. The relative percentage of lysine in 
protein was higher in SBM from the U.S. and EU. SBM from the U.S. over the surveyed 
years was reported to be highest in compositional and protein quality. 
The objective of this work was to survey the quality of 2004 crop soybeans and SBM 
from non-U.S. vs. U.S. origins and to combine the results from this survey with the data from 
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previous studies so that long term patterns might be identified. This work was supported by 
checkoff funds from the United Soybean Board and American Soybean Association. 
MATERIALS AND METHODS 
Sample Procurement 
The American Soybean Association representatives collected 500-1000 g soybean 
and SBM samples on location in 8 countries. Samples were shipped to the Grain Quality 
Laboratory at Iowa State University in quart Ziploc freezer-quality bags. Samples were 
identified by the date of collection, country of origin, country of production (SBM), location 
of collection, vessel or other container identification (if possible), and sampling method (if 
possible or known). Samples from flowing meal were requested but the actual sampling 
methods were not generally provided. The sample collection methodology for soybeans and 
soybean meal samples is summarized in tables 1 and 2 respectively. The original number of 
samples requested vs. the actual numbers received is shown. 
Compositional Analysis 
All 115 Soybean and 153 SBM samples were mixed and divided into four fractions 
using an electric grain divider (Garnet Rotary Divider, Garnet Seedburo Inc, Chicago). ~ The 
method of sample handling, preparation and analysis is described in flowcharts of figures 1 
and 2. 
(a) Soybeans 
One fraction of each soybean sample was sent to Eurofins Scientific, Inc in Des 
Moines, Iowa to be analyzed for moisture, protein (combustion), oil and free fatty acids 
(FFA) content using the American Oil Chemists' Society (AOCS) official methods Ac 2-41 
(revised 1997), Ba 4e-93 (revised 2003), Ba 3-38 (revised 1997) and Ac 5-41 (revised 2000) 
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respectively. The second fraction was ground and sent to University of Missouri-Columbia 
Experiment Station Laboratories for analysis of 23 amino acids using Association of Official 
Analytical Chemists official method AOAC 982.30E (a,b,c). The remaining two fractions 
were combined and scanned in near infrared instruments (Foss Infratec 1229, Foss Infratec 
1241 and NIRSys 6500) (Foss North America, Eden Prairie, MN) for moisture, protein, oil 
and fiber to validate calibrations for these factors. After scanning, the samples were retained 
under refrigeration at 4°Cat the Grain Quality Lab. All soybean composition factors axe 
expressed on a 13% moisture basis. 
(b) Soybean meal 
One fraction of each SBM sample was sent to Eurofins Scientific, Inc in Des Moines, 
Iowa. The SBM samples were analyzed for moisture, protein (combustion), oil, fiber, ash and 
Nitrogen Solubility Index (NSI) using AOCS (16} methods Ba 2a-38 (revised 2003), Ba 4e-
93 (revised 2003), Ba 3-38 (revised 1997), Ba 6-84 (revised 1997), Ba Sa-49 (revised 1997) 
and Ba 11-65 (revised 1997) respectively. SBM samples were also analyzed for Non-Protein-
Nitrogen (NPN), mold count and protein solubility by KOH method using AOAC (17) 
method AOAC 941.04, AACC (18) method AACC 42-50 and AOAC 971.09 respectively. 
The protein content for SBM was also analyzed by the Kjeldahl method using AOCS Ba 4a-
38 method as a part of the NSI test. 
The second fraction was sent to University of Missouri-Columbia for analysis of 23 
amino acids using AOAC 982.30E (a,b,c). The third fraction of SBM samples was used for 
Particle size analysis using Ro-tap style shaker (W.S. Tyler, Mentor, OH). Fourteen sieves 
were used for particle size determination that ranged from 53 to 4760 µm were used for 
particle size determination. The geometric mean diameter and the standard deviations were 
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calculated using ASAE standard method S319.2 (19). The last fraction was scanned in Near 
Infrared instruments (Foss Infratec 1229, Foss Infratec 1241 and NIRSys 6500) (Foss North 
America, Eden Prairie, MN) for moisture, protein, oil and fiber to develop calibrations for 
these factors. After scanning, the samples were retained under refrigeration at 4°Cat the 
Grain Quality Lab. 
The Digestible Limiting Amino Acid (DLAA) content was calculated for both swine 
and poultry nutrition as: DLAA =Limiting Amino Acid * KOH Protein Solubility. All 
soybean meal composition factors that are percentages by weight are expressed on a 12% 
moisture basis. 
Comparison with previous studies 
The soybeans and SBM quality data from this survey were compared to the similar 
data from previous studies. The soybeans data was compared to the U.S. annual soybean 
quality surveys from 2003 (20) and 2004 (21) crop years while SBM data was compared to 
the studies done in 1995-1999 by Moizzudin (3) and in 1999 by John Baize and Associates 
(22). A summary for overall averages of SBM composition from previous studies was 
prepared for the major export origins of U.S., Brazil, Argentina and India. 
Statistical Analysis 
All the analytical results for soybeans were expressed as 13% moisture basis and for 
SBM were expressed as 12% moisture basis. The data was sorted based on country of origin 
and country of collection. The SBM from UAE, Indonesia, Malaysia, Philippines and Korea 
were pooled under one category named "Asia" and SBM from Guatemala, El Salvador, 
Panama, Costa Rica, Trinidad, Barbados and Paraguay were pooled under another category 
called "Others" because there were very few samples available from these countries. Sample 
17 
means, standard deviations, and minimum and maximum values were determined by country 
of origin. The means were evaluated by least significant difference method (LSD, P = 0.05). 
The data was statistically analyzed using JMP 5.1 software (SAS Institute Inc., Cary, NC). 
RESULTS AND DISCUSSION 
Soybean Quality 
Table 3 shows the compositional comparison of soybean samples by country of 
origin. Soybean samples from Brazil and Others had the highest protein content. The protein 
content of soybeans from U.S was significantly lower than those from Brazil and Others and 
was significantly higher than those from Argentina (P = 0.05). The protein content was the 
lowest for soybeans from Argentina. 
The soybean samples from Brazil and Argentina had the highest oil content. The oil 
content of soybeans from U.S. was significantly lower than those from Brazil and Argentina 
and was not significantly different than those from Others (P = 0.05). 
The free fatty acid (FFA) content is an indicator of chemical change in soybeans and 
estimates the degree of rancidity of oil rancidity. According to NOPA (23) specifications, the 
maximum allowable N'r'A content is 0.75% in crude degummed soybean oil, 0.10% in once 
refined soybean oil and 0.05% in fully refined soybean oil. Shipments exceeding 
specifications are discounted according to NOPA rules. Generally, FFA content of 1 % or 
higher leads to a poor quality of oil. The mean r'rA content of soybean samples from all 
origins except Others was higher than 1%. Soybeans from Others had an average FFA 
content of 0.68%. The FFA content was the highest for the soybeans from Brazil and lowest 
for the soybeans from Others and Argentina. The FFA content of samples from U.S. was 
significantly lower than those from Brazil and significantly higher than Others (P = 0.05). 
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High values of FFA content can be a result of high storage temperatures (such as on a long 
ocean voyage) and broken beans (splits). 
Figure 3 shows the amino acids profile for soybeans from different origins as actual 
percentage and as a percentage of crude protein. It can be noted that the percentage of amino 
acids expressed as a fraction of the protein (as opposed to a fraction of the overall weight) 
may decrease when the protein content increases. Therefore, the soybean protein quality does 
not depend on the protein percentage but rather on the key amino acids calculated as 
percentage of protein. The quality of protein from low protein soybeans is likely to be higher 
than the quality of protein from low protein soybeans. The protein quality data from this 
study was consistent with the long term data from US soybean surveys (20, 21). 
Soybean meal quality 
Table 4 shows the compositional comparison of the SBM samples by country of 
origin and country of collection. The SBM from Brazil and Other origins had highest protein 
content; the samples from Argentina, China and India had the lowest protein content. The 
protein content of SBM from USA was significantly lower than that from Brazil, but was not 
significantly different from Asia, China and Others. The protein content of samples from 
India, China and Argentina was not significantly different from each other (P = 0.05), 
The residual oil content was highest for the SBM samples from Argentina and Brazil 
and lowest in those from India, China and Others. The oil content of SBM from U.S. was 
significantly lower than those from Argentina and Brazil (P = 0.05). Oil is extracted from 
soybeans under different processing conditions. These differences in processing conditions 
(such as temperature, moisture, residence time and fineness) result in SBM of varying 
residual oil content. 
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The samples from India and China had the highest fiber content while those from 
Others, Asia and USA had the lowest fiber content. The fiber content of SBM samples from 
India and China was significantly different from the fiber content of U.S. SBM while those 
from U.S., Asia, Argentina, Brazil and Others were not significantly different (P = 0.05). 
The ash content was highest for the samples from India and lowest for the samples 
from China and Brazil. The ash content of SBM from India and China was significantly 
different from the ash content of U.S. samples while the samples from U.S., Asia, Argentina 
and Others were not significantly different (P = 0.05). 
The Nitrogen Solubility Index (NSI) estimates the extent of denaturation of proteins. 
This value was highest for the SBM from China and India and was lowest for the samples 
from Brazil. The NSI content of SBM samples from India was significantly higher than those 
from U.S. SBM while the samples from Brazil were significantly lower than those from U.S. 
(P = 0.05). NSI values ranging from 15-30% on a 12% moisture basis are recommended for 
both hulled and dehulled SBM. Only the SBM samples from China and India were in this 
range. 
The protein solubility index determined by KOH method estimates the digestibility of 
feed and it is widely used to estimate the under- or over-processing of SBM. SBM is heat-
processed to inhibit various anti-nutritional factors. Under- and over-processing refers to 
inadequate or excessive heat treatment respectively than required. The recommended range 
for protein solubility index is 73-85%. SBM from all countries except Argentina and Brazil 
had protein solubility index greater than 85% suggesting that these meals were under-
processed. The KOH value of SBM from U.S. was significantly higher than those from 
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Brazil and Argentina while the samples from U.S., Asia, China, India and Others were not 
significantly different (P = 0.05). 
Table 5 summarizes additional quality parameters of SBM by origin. Non-Protein-
Nitrogen (NPN) present in SBM indicates mainly the presence of urea or ammonia in meal. 
These NPN sources increase the apparent protein content of SBM. One SBM sample from 
India failed the criteria of less than 1% NPN, with a value of 2.73% and 0.17% ammoniacal 
nitrogen present in meal. 
Mold count in feed is indicative of potential digestive and toxic problems. The 
average mold count was highest for the SBM of U.S. origin and was lowest for the SBM 
from China. However, all samples were well within nutritional guidelines. There were two 
samples of U.S. origin collected one each by Turkey and Japan ASA offices that had mold 
count of over 200,000 cfu/g. This value was still lower than 1,000,000 cfu/g at which mold 
becomes viable and poses serious health hazards if fed to livestock. 
Amino Acid prole of SBM 
Amino acids are the most important components of SBM when used as animal feed. 
Lysine, threonine and tryptophan are the limiting amino acids for swine. Methionine, 
cysteine, lysine and threonine are the limiting amino acids for poultry. A separate summary 
was completed for these amino acids. The total digestible amino acids present in SBM for 
swine and poultry feed uses were also estimated. 
Table 5 summarizes the amino acid contents of SBM from different origins. The 
percentage of total amino acids (TAA) for SBM from Brazil was significantly higher than 
those from Argentina while TAA for SBM from Others were not significantly different (P = 
0.05). The percentage of total digestible amino acids (TDAA) for SBM from U.S. was 
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significantly higher than those from Argentina while TDAA for SBM from other countries 
were not significantly different (P = 0.05). 
The percentage of the five limiting amino acids for swine feed use was the highest for 
SBM from Others, U.S. and Brazil, and was the lowest for the SBM from Argentina and 
India while for poultry feed use; it was highest for Others, U.S. and China and lowest for 
Argentina and India. The limiting AA content of SBM from India and Argentina was 
significantly different from that of SBM from U.S. while the samples from U.S., Others, 
Brazil, Asia and China were not significantly different (P = 0.05). 
The percentage of digestible limiting amino acids (DLAA) for swine and poultry feed 
uses was the highest for SBM from Others, China, U.S. and Asia and was the lowest for the 
samples from Argentina. The DLAA content of SBM from Brazil, India and Argentina was 
significantly lower than that of SBM from U.S. while the samples from U.S., Others, Asia 
and China were not significantly different (P = 0.05). 
Published data reported the lysine content in a 44% and 48% solvent extracted SBM 
to be 2.9 %and 2.96% respectively at 12% moisture (24). The lysine content of all SBM 
samples from Argentina and India were below the published values. The tryptophan content 
of all SBM samples in the survey was above the published value of 0.60%. 
The best amino acids profile was found for the SBM from U.S. while the poorest 
profile was found for SBM from Argentina. Although, the total AA content was higher for 
SBM samples from Brazil than for the samples from U.S., the total digestible and digestible 
limiting AA content was higher for the SBM samples from U.S., Others and China. Table 6 
displays the amino acid profile for SBM samples from different origins. 
Particle Size Analysis of SBM 
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Table 7 summarizes the particle size analysis data by countries of origin. The mean 
particle size of all samples was 1120 microns, which is within 250 to 1700 microns range 
specified for feed applications. There was a wide variation in the particle size of SBM from 
all origins while the particle size within samples from same origin was consistent. The mean 
particle size of SBM samples from China was more consistent than samples from other 
origins. The SBM samples from India had the worst particle size distribution with highest 
mean particle size and lowest percentage of particles in the desirable range (d = 1262 
microns, desirable % = 65.5). These samples also contained a large amount of foreign 
material. Figure 1 shows the desirable and undesirable feed particle size distribution. 
Comparison with previous studies 
(a) Soybeans 
Table 8 shows the comparison of soybean quality from this survey with the previous 
U.S. soybean crop annual quality studies. The average U.S. protein and oil contents for 2003 
were 35.65% and 18.66% respectively (on a 13% moisture basis). The average U.S. protein 
and oil contents for 2004 were 35.16% and 18.70% respectively (on a 13% moisture basis). 
The average protein and oil contents for U.S. soybeans were not significantly different for all 
the surveys (P = 0.05). 
(b) Soybean meal 
Table 9 shows the comparison of SBM quality from this survey with the previous 
studies. The general rankings of SBM origins were similar for all the studies. U.S. meal held 
an advantage in digestibility and concentration of key amino acids. Meals were reasonably 
equal in fiber content except for meal from India, which was higher. The 2004 SBM from 
U.S. showed a significant improvement in protein solubility from the past years. Also, the 
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protein content of the 2004 meals from Brazil showed a significant increase from previous 
years, from 46.7% in 1995-1999 survey to 48.8% in 2004. Protein quality as measured by the 
five key amino acids content was consistent across years. The low crude protein disadvantage 
of U.S. SBM was offset by the better quality of protein combined with the higher protein 
solubility. 
Table 10 displays the summary of soybean meal quality studies over the past years. 
The protein content of Argentine SBM was significantly lower than those from U.S., Brazil 
and India. The protein quality measured by the percentage of key amino acids was similar for 
all origins but the protein solubility of U.S. SBM was significantly higher than the meals 
from other major export origins of Brazil, Argentina and India (P = 0.05). 
In conclusion, U.S. SBM was more consistent with higher digestibility, lower fiber 
and better quality of protein than SBM from other major export origins of Argentina, Brazil 
and India. U.S. soybeans and SBM had higher concentrations of key amino acids in lower 
protein beans. The U.S. soybean meal was higher in the five key amino acids for both swine 
and poultry feed uses, which when combined with higher digestibility would give U.S. meal 
an advantage in the diet rations balanced on amino acids requirements. Thus, the key feeding 
value parameters were not necessarily decreased by an overall reduction in protein level. The 
U.S. soybeans in this study were likely sourced from the Western United States (exports to 
Asia, Mexico). Those origins are consistently significantly lower than the national averages 
in both protein and oil. If freight patterns that favor West Coast shipments (in preference to 
the Gulf) persist, and if U.S. domestic processors increase their programs to attract higher 
quality soybeans, the low composition situation for exports is likely to worsen. The crude 
protein disadvantage of U.S. soybeans was offset by higher concentrations of the essential 
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amino acids in the lower protein beans. This can be used to advantage if the purchaser 
recognizes amino acids rather than just crude protein as the indicator of feeding value. 
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Figure 1: Soybeans handing and analysis procedure 
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Figure 2: Soybean meal handling and analysis procedure 
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Figure 3: Amino Acids profile of soybeans from different origins 
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Table 1: Soybean sample collection methodology 
Soybeans Argentina Brazil China US Paraguay Others Total 
China 5(7) 5(7) 5(8) 15(22) 
Mexico (1) 2(2) 5(9) (4) 7(16} 
Colombia 2(0) 2(0) 4(0) 
Costa Rica 2(0) 2(0) 4(0) 
Venezuela 2(0) 2(0) 2(0) 6(0) 
Japan 5(8) 2(0) 5(8) 12(16) 
Taiwan 3(5) 5(6) 8(11) 
Korea 2(2) 4(4) 6(6) 
France 2(0) 2(0) 4(0) 
Germany 2(0) 4(0) 4(0) 10(0) 
Spain 2(0) 4(0) 4(0) 2(0) 12(0) 
Netherlands 5(0) 4(0) 2(0) 11(0) 
Portugal 2(0) 4(0) 3(0) 9(0) 
Morocco 2(0) 2(0) 2(0) 6(0) 
Indonesia (1) 4(7) 4(8) 
Thailand 4(0) 3(0) 4(0) 11(0) 
Malaysia 3(0) 3(0) 6(0) 
Philippines 3(0) 3(0) 
Israel 3(0) 4(0) 7(0) 
Turkey (3) (1) 4(6) 4(10) 
UAE 2(0) 2(0) 4(0) 
Egypt 3(0) 3(0) 6(0) 
Belgium (9) (4) (13) 
Singapore (7) (1) (3) (2) (13) 
Total 30(19) 45(35) 2(0) 76(55) 6(0) (6) 159(115) 
Others: Barbados, Cambodia, Colombia, Trinidad, Vietnam 
Values in parenthesis is the actual number of samples returned by ASA offices 
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Table 2: Soybean meal sample collection methodology 
Soybean 













Venezuela 2(0) 2(0) 4(0) 
Colombia 3(0) 2(0) 5(0) 
Ecuador 2(0) 2(0) 4(0) 
Indonesia (7) (4) 3(1) 5(3) 8(15) 
Thailand 4(0) 3(0) 3(0) 3(0) 13(0) 
Malaysia 3(0) 2(0) 2(0) 7(0) 
Philippines 3(5) 2(0) (2) (1) 4(7) 9(15) 
Vietnam 3(0) 3(0) 6(0) 
Turkey 2(13) 2(6) 4(7) 8(26) 
Egypt 4(0) 2(0) 6(0) 
Jordan 3(0) 2(0) 5(0) 
Saudi 
Arabia 4(0) 4(0) 8(0) 
Netherlands 3(0) 3(0) 6(0) 
Portugal 3(0) 2(0) 5(0) 
Spain 3(0) 4(0) 2(0) 9(0) 
Germany 3(0) 3(0) 6(0) 
France 2(0) 4(0) 6(0) 
Algeria 3(0) 3(0) 6(0) 
Japan 5(5) 2(0) 5(5) 12(10) 
Korea 2(1) 4(2) 3(4) 3(0) (2) 12(9) 
Belgium (7) (5) (16) 
Singapore (10) (5) (13) (3) (3) (3) (6) (1) (44) 
Total 43(44) 10(0) 26(22) 5(5) 20(18) (5) (2) (4) (3) 52(40) (10) 156(153) 
Other: Barbados, Costa Rica, El Salvador, Guatemala, Panama, Paraguay, Trinidad 
Values in parenthesis is the actual number of samples returned by ASA offices 
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Table 3: Quality of Soybeans by Origin 
Characteristic USA Brazil Argentina Other Range 
Number of Samples 55 35 19 6 
Protein 34.76 35.45 33.3 35.98 (27.25-39.58) 
Lysine 2.22 2.22 2.16 2.38 (2.05-2.53) 
Methionine 0.48 0.47 0.47 0.5 (0.42-0.55) 
Threonine 1.33 1.34 1.34 1.37 (1.23-1.45) 
Cysteine 0.53 0.51 0.51 0.56 (0.44-0.64) 
Tryptophan 0.47 0.48 0.48 0.47 (0.30-0.61) 
5 Key Amino Acids 5.03 5.01 4.95 5.27 (4.52-5.46) 
TAA 33.76 34.67 34.67 35.48 (31.04-38.44) 
Oil 18.24 19.52 19.07 18.49 (15.65-20.94) 
FFA 1.11 1.31 1.03 0.68 (0.36-2.44) 
13 %Moisture Basis 
TAA -Total Amino Acids 
LAA -Limiting Amino Acids 
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USA Mexico 12 1.21 0.46 48.35 1.26 87.83 1.82 15.01 1.26 
Singapore 6 1.38 0.52 48.26 1.86 87.52 3.34 12.98 1.37 
Turkey 7 1.43 0.57 44.97 1.36 81.76 2.70 11.80 1.12 
Japan 5 0.97 0.64 49.29 0.56 89.99 2.87 13.83 1.59 
Philippines 7 1.13 0.21 46.90 0.67 91.54 1.21 15.34 1.48 
Indonesia 3 0.95 0.12 46.77 0.74 88.85 1.51 15.64 2.25 
All data 40 1.17 0.45 47.49 1.81 87.72 3.80 14.10 2.40 
Range (0.54 - 2.15) (43.78 50.80) (78.08 93.43) (9.58 - 23.36) 
Mexico Mexico 2 1.50 1.05 47.96 1.47 89.87 1.24 15.97 1.84 
All data 2 1.50 1.05 47.96 1.47 89.87 1.24 15.97 1.84 
Range (0.76 - 2.24) (46.92 49.00) (88.99 90.74) (14.67 - 17.27) 
Argentina Singapore 10 1.58 0.35 46.12 1.16 85.63 3.11 14.37 1.90 
Turkey 13 1.79 0.35 45.81 1.66 85.43 1.89 14.19 1.34 
Belgium 7 1.98 0.26 45.67 2.61 82.74 4.11 13.77 2.93 
Philippines 5 1.65 0.36 46.49 0.32 83.20 1.88 11.94 0.66 
Indonesia 7 1.60 0.30 46.25 0.17 84.20 1.37 14.72 1.26 
All data 44 1.73 0.36 45.95 1.49 84.33 2.91 13.91 1.90 
Range (1.03-2.42) (42.75 50.70) (76.75 91.31) (10.22 -19.34) 
Brazil Singapore 5 1.58 0.17 50.19 0.55 84.91 3.20 13.85 2.30 
Turkey 6 1.56 0,14 49.19 0.28 80.34 6.63 11.75 2.06 
Korea 2 1.15 0.55 46.76 0.38 85.28 0.63 13.52 1.49 
Belgium 5 1.72 0.11 47.23 1.91 83.55 0.57 11.50 0.84 
Indonesia 4 1.52 0.16 49.44 1.00 84.39 2.12 13.44 1.60 
All data 22 1.56 0.23 48.80 1.58 83.29 4.11 12.64 1.92 
Range (0.76 -1.83) (46.00 51.06) (72.08 - 88.42) (9.55 -15.78) 
India Singapore 12 1.15 0.68 46.50 1.31 85.62 5.85 15.95 2.54 
Korea 4 1.09 0.39 47.01 0.55 87.56 0.73 14.76 1.48 
All data 17 1.12 0.60 46.59 1.15 86.11 4.93 15.74 2.29 
Range (0.62 - 2.60) (44.24 47.84) (70.60 - 92.82) (12.93 - 21.06) 
China Japan 5 1.15 0.31 46.31 0.66 88.32 1.63 15.92 2.14 
All data 5 1.15 0.31 46.31 0.66 88.32 1.63 15.92 2.14 
Range (0.69 -1.51) (45.33 47.05) (86.07 - 89.66) (13.82 -18.93) 
Asia Singapore 11 1.40 0.57 47.69 1.52 85.99 5.43 14.71 2.77 
Korea 2 0.87 0.19 47.86 0.16 87.68 3.77 16.59 1.42 
All data 14 1.36 0.56 47.39 1.83 86.23 4.92 14.86 2.60 
Range (0.73 - 2.60) (43.03 50.42) (70.40 - 90.78) (10.00 -19.26) 
S. 
America Belgium 4 1.04 0.09 47.74 0.50 87.91 1.49 15.18 0.57 
Mexico 2 1.34 1.09 47.86 0.04 82.85 1.31 14.54 1.23 
All data 6 1.14 0.51 47.78 0.39 86.22 2.91 14.97 0.78 
Range (0.57 - 2.11) (42.65 - 48.46) (81.92 - 92.56) (13.67 -19.05) 
iAll data is reported on 12 %Moisture Basis 
2Barbados, Costa Rica, El Salvador, Guatemala, Panama, Paraguay, Trinidad 
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Table 5: Quality of Soybean Meal by Origin 
Characteristic USA Argentina Brazil India** Asia** China Mexico Other** Range 
N 40 44 22 17 14 5 2 6 
Protein % 47.49 45.95 48.8 46.59 47.39 46.31 47.96 47.78 (42.65-51.06) 
Lysine % 3.01 2.89 3 2.87 2.99 3 3.09 3.05 (2.64-3.19) 
Methionine % 0.65 0.62 0.64 0.59 0.65 0.63 0.67 0.69 (0.50-0.73) 
Threonine % 1.81 1.73 1.82 1.74 1.79 1.83 1.91 1.82 (1.56-1.98) 
Cysteine % 0.7 0.68 0.7 0.63 0.7 0.7 0.74 0.76 (0.51-0.82) 
Tryptophan % 0.68 0.67 0.7 0.66 0.68 0.66 0.74 0.74 (0.46-0.85) 
5 Key AA% 6.86 6.59 6.86 6.48 6.82 6.82 7.15 7.06 (6.02-7.29) 
5AA%of 
Protein 14.4 14.3 14.1 13.9 14.4 14.7 14.9 14.8 
TAA % 45.12 44.41 47.16 45.18 46.25 45.6 47.54 46.73 (40.66-49.95) 
DTAA % 39.58 37.45 39.29 38.91 39.88 40.27 42.72 40.29 (32.76-45.49) 
Digestible 5 Key 
AA Coefficient % 6.01 5.55 5.71 5.58 5.88 6.02 6.42 6.08 (4.71-6.64) 
DLAA (S)' % 4.83 4.46 4.6 4.53 4.71 4.85 5.15 4.84 (3.84-5.34) 
DLAA (P)2 % 4.8 4.42 4.54 4.48 4.68 4.82 5.09 4.79 (3.77-5.28) 
KOH Solubility % 87.72 84.33 83.29 86.11 86.23 88.32 89.87 86.22 (70.40-93.43) 
Oil % 1.17 1.73 1.56 1.12 1.36 1.15 1.5 1.14 (0.54-2.60) 
Fiber % 4.22 4.38 4.45 6.66 4.17 6.12 3.89 3.59 (2.79-7.65) 
Ash % 6.49 6.63 6.24 7.29 6.43 6.49 6.38 6.52 (5.28-8.73) 
NSI % 14.1 13.91 12.64 15.74 14.86 15.92 15.97 14.97 (9.55-23.36) 
Non-Protein 
Nitrogen % <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
Ammonia 
Mold Count 
(cfu/g) 377* 507 1803 3191 179 158 815 1242 (10-220000) 
Particle Size 
(microns) 1069.8 1073.8 1088 1262.2 1138.2 1130.7 907.4 1056.7 (688.0-1621.5) 
Other: Barbados, Costa Rica, EI Salvador, Guatemala, Panama, Paraguay, Trinidad 
12 %Moisture Basis 
TAA -Total Amino Acids 
DTAA -Digestible Total Amino Acids 
DLAA -Digestible Limiting Amino Acids 
' Lysine, Threonine and Tryptophan 
z Methionine, Lysine and Threonine 
* Two samples from one collection point (Turkey) with over 200,000 cfu/g removed from average. 
** Samples (1 each) from Trinidad, India, Malaysia excluded because of very high oil (8.0%, 18.2%, and 20.3%, respectively) 
34 
Table 6: Amino Acid profile of SBM by origin 
Country of Origin 
Nutrient USA Argentina Brazil India China Asia Mexico Other 
Number of samples 40 44 22 17 5 14 2 6 
Protein 47.49 45.95 48.8 46.6 46.31 47.4 47.96 47.78 
Essential AA' 
Arginine 3.48 3.35 3.58 3.42 3.4 3.46 3.58 3.48 
Histidine 1.29 1.23 1.29 1.26 1.31 1.28 1.3 1.26 
Isoleucine 2.17 2.12 2.25 2.12 2.01 2.19 2.15 2.22 
Leucine 3.66 3.55 3.77 3.58 3.4 3.68 3.71 3.69 
Lysine* 3.01 2.89 3 2.87 3 2.99 3.09 3.05 
Methionine* 0.65 0.62 0.64 0.59 0.63 0.65 0.67 0.69 
Phenylalanine 2.4 2.32 2.52 2.4 2.43 2.43 2.42 2.42 
Threonine* 1.81 1.73 1.82 1.74 1.83 1.79 1.91 1.82 
Tryptophan* 0.68 0.67 0.7 0.66 0.66 0.68 0.74 0.74 
Valine 2.33 2.29 2.4 2.29 2.2 2.37 2.31 2.37 
Nonessential AA 
Alanine 2.07 2.01 2.12 2.04 2.12 2.08 2.12 2.05 
Aspartic acid 5.29 5.07 5.41 5.17 5.36 5.27 5.39 5.32 
Cysteine* 0.7 0.68 0.7 0.63 0.7 0.7 0.74 0.76 
Glutamic acid 8.36 7.95 8.51 8.26 8.48 8.37 8.71 8.41 
Glycine 2 1.92 2.03 1.97 2.05 2.01 2.07 2 
Proline 2.39 2.29 2.47 2.28 2.03 2.43 2.47 2.52 
Serine 2.06 1.94 2.06 2 2.09 2.02 2.25 2.04 
Tyrosine 1.65 1.61 1.72 1.65 1.7 1.67 1.66 1.73 
1For one or more species of animals that are normally fed soybean meal 
*5 key amino acids 
12°Io Moisture Basis, percent of weight 






Std Dev within 
the sample 
(microns) 
Std Dev within 
samples of same 
origin (microns) 
% in desired range 
(250 and 1700 
microns) 
USA 1070 11840 220 84.09 
Argentina 1074 11740 210 79.76 
Brazil 1088 11740 110 83.67 
India 1262 12940 170 65.5 
China 1131 13020 70 88.14 
Asia 1138 13670 240 91.14 
Other 1125 11890 150 82.32 
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Table 8: Comparison of U.S. soybean quality studies 
Study Protein Oil 
ASA survey 34.76 A 18.24 A 
2003 annual survey 35.65 A 18.66 A 
2004 annual survey 35.16 A 18.70 A 
All values reported on 13% moisture basis 
Means connected with the same letters are not significantly different (P = 0.05) 





























USA 40 47.49 B 3.01 A 0.7 B 0.65 A 14.4 45.12 AB 87.72 A 
Argentina 44 45.95 D 2.89 B 0.68 B 0.62 BC 14.3 44.41 B 84.33 BC 
Brazil 22 48.8 A 3.00 A 0.7 B 0.64 AB 14.1 47.16 AB 83.29 C 
India 18 46.59 CD 2.87 B 0.63 C 0.59 C 13.9 45.18 AB 86.11 AB 
Asia 15 47.39 BC 2.99 A 0.7 B 0.65 A 14.4 46.25 AB 86.23 AB 
China 5 46.31 BCD 3.00 A 0.7 AB 0.63 ABC 14.7 45.6 AB 88.32 A 
Other 9 47.78 ABC 3.05 A 0.76 A 0.69 A 14.8 46.73 AB 86.22 ABC 
USA 311 47.24 BC 2.98 A 0.69 A 0.65 A 14.3 46.01 A 85.01 A 
Argentina 70 45.53 D 2.8 B 0.62 B 0.61 B 14 43.9 C 79.9 BC 
Brazil 136 46.74 C 2.86 B 0.64 B 0.61 B 14.4 45.4 6 80.37 B 
India 143 47.46 B 2.84 B 0.64 B 0.63 AB 14 45.68 AB 76.32 C 
USA 16 47.73 A 3.00 A 0.74 A 0.68 A 14.5 46.06 A 83.41 A 
Argentina 10 44.97 C 2.84 B 0.67 B 0.62 B 14.3 43.95 B 76.22 C 
Brazil 14 46.88 AB 2.82 B 0.7 B 0.62 B 13.9 45.11 A 78.74 BC 
India 17 46.79 B 2.91 A 0.68 B 0.64 B 14.2 46.01 A 80.64 6 
1Means connected with the same letters are not significantly different (P = 0.05) 
ZAII results are reported on 12 %moisture basis 










5 Key AA 
(% of P) 
KOH 
Sol 
USA 47.29 2.98 0.69 0.65 14 85.24 
Brazil 47.01 2.87 0.65 0.61 14 80.61 
Argentina 45.63 2.84 0.64 0.61 14 81.18 
India 47.31 2.85 0.64 0.63 14 77.72 
lAll results are reported on 12% moisture basis 
ZWeighted average values from studies in 1995-1999, 1999 and 2004 
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CHAPTER 3. IMPORTANCE AND PRACTICAL MEASUREMENT OF 
SBM COMPOSITION FOR LIVESTOCK NUTRITION 
A paper to be submitted in the Journal of the American Oil Chemists' Society 
Maitri Thakur and Charles R. Hurburgh, Jr. 
Department of Agricultural and Biosystems Engineering, Iowa State University, 
Ames, IA 50011 
ABSTRACT 
In the recent years, there had been an increase in focus on intrinsic properties of 
soybeans and soybean meal (SBM) that are very important for livestock nutrition. A study 
was conducted to predict the quality of SBM that would be derived from soybeans of known 
composition and to compare the least-cost poultry and swine diets formulated from soybeans 
from different origins. The soybean and SBM samples were provided by the American 
Soybean Association. Soybeans with higher protein and oil contents did not necessarily have 
a higher processed value, because lower protein soybeans had a better amino acid profile. 
U.S. soybeans, although, lower in protein than Brazilian beans were capable of generating 
SBM with high concentrations of important amino acids. Livestock feeders might benefit 
more from lower protein beans depending on the end-use and protein quality rather than 
quantity. Soybean processors can take more advantage of lower protein beans if the market 
will recognize amino acids rather than just crude protein as the indicator of feeding value. 
U.S. soybeans also generated similar least-cost diets for swine and poultry rations as did 
Brazilian soybeans. Formulation of diets based on intrinsic protein quality, that is, the amino 
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acids content of soybeans can help the U.S. formulators to capture the real value of U.S. 
beans. 
KEY WORDS: Soybean meal, amino acids, animal nutrition, feed value 
INTRODUCTION 
Soybean meal (SBM) is the most important product of soybean processing and is 
widely used as a feedstuff in livestock nutrition primarily for poultry and swine. SBM has 
one of the best amino acid balances of the oilseed meals. Its amino acid profile compliments 
most cereal grains very well (1). SBM dominates the market for protein supplements for 
swine and poultry. There are a number of reasons: its consistency in nutrient content, 
constant availability year-round, and high content of crude protein. Almost 90 percent of US 
SBM is used to satisfy the basic protein and amino acid requirements of livestock such as 
cattle, hogs, and poultry (2). Swine and poultry feed account for 75 percent of all domestic 
U.S. SBM consumption (3). There are several anti-nutritional factors associated with SBM, 
such as: 
1. Trypsin inhibitors: These inhibit the activity of trypsin, a major protein-digesting 
enzyme present in the intestinal tracts of pigs. These inhibitors are destroyed by 
moist heat during the solvent processing of soybeans (4). 
2. Lectins: Lectins combine with the cells of the intestinal wall and cause a 
nonspecific interference with the absorption of nutrients. These can be inactivated 
by heat treatment (5). 
3. Urease: Urease is an enzyme that converts urea to ammonia. When unprocessed 
soybeans are mixed with urea, ammonia will be released, which is undesirable in 
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mixed feed. Urease is also easily inactived by heating. SBM can be tested for 
urease activity (Method: AOCS Ba 9-58). Urease activity can be used as an 
indicator to determine if the soybeans have received the required minimum 
amount of heating during its processing (1). 
It is important to quantify the concentrations of key nutrients and anti-nutritional 
factors in SBM. Soybeans are heat-treated to remove these anti-nutritional factors, but 
inadequate processing can cause detrimental effects. Crude protein analysis is the initial step 
in determining the quality of soybeans and SBM (6). Analysis of amino acid profiles follow. 
There are 20 primary amino acids but all of them are not essential dietary components as they 
can be synthesized by the animal (7). The ones that cannot be synthesized by the animal are 
termed as essential amino acids. Lysine, threonine and tryptophan are considered as the 
limiting amino acids in swine feed (8) and methionine, lysine and threonine in poultry feed 
(9). 
The amount of available amino acids are often much lower than the quantity 
contained in feed (7). Growing conditions and processing technologies have an effect on 
concentrations and digestibilities of AA found in resultant meal. A study conducted by Karr-
Lilienthal et.al. (10) to determine true ileal Total Amino Acid (TAA) digestibility of SBM by 
pigs reported 87% true digestibility in Argentine SBM, 82% in Brazilian SBM and 91% in 
U.S. The KOH protein solubility test (11) is considered useful for dete~~~iining protein 
digestibility and can thus be used to estimate the digestible amounts of amino acids using the 
following formula: 
Digestible Amino Acid (DAA) =Amino Acid (% wt) * KOH Protein Solubility (%) 
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KOH protein solubility is also used for detecting under- or over-processing of SBM 
(11). Under- and over-processing refers to inadequate or excessive heat treatment 
respectively than required. The recommended range for protein solubility index that shows 
adequate processing is 73-85% (12). 
Soybean protein and oil content, along with processing conditions, determine the 
yield of crude soybean oil and soybean meal per unit of raw soybeans (13). Amino acids can 
be tracked from whole soybeans into meal. This is important because an amino acid analysis 
on whole soybeans can be carried forward to a value calculation for extracted meal (6). 
Lower protein soybeans can generate meals that can formulate feed rations with lower diet 
costs, than meals from higher protein soybeans. (14). 
A Soybean Processing (SPROC) model was developed by Brumm and Hurburgh to 
simulate the production operations in a soybean solvent extraction plant (13). This model 
simulates with mass balances the processing of soybeans into oil and meal. Prices of each 
fraction are used to calculate a processed value. This model was further refined by Kundra 
(14) as SPROC-3, which accommodated amino acids, fatty acids and isoflavones. This model 
provides a user interface with data management in a windows environment. It uses an input 
weight of 60 lb (one bushel) and is flexible to accommodate inputs on either constant 
moisture or "as-is" moisture basis. The input variables of this model include raw soybean 
weight, moisture, chemical composition, processing and pricing variables. Outputs of the 
model include weights of extracted oil and SBM, chemical composition of SBM and of oil. 
An estimated processed value (EPV) of soybeans, in dollars per ton, on the basis of protein 
and oil contents can also be approximated through the model, by using yields and 
composition of products derived from solvent extraction, and their market prices. This model 
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also estimates the amino acid profile of resultant SBM. The amino acid composition data 
obtained from SPROC-3 can be used to formulate least-cost swine and poultry diets using 
Brill Feed Formulation software (15). In this way the estimated processed value from crude 
protein and oil can be modified to account for value in terms of amino acids. 
An economic pricing model based on amino acids contents in soybeans was proposed 
by Edmiston (16). A data set was acquired from Iowa Grain Quality Laboratory that 
contained protein, oil, fiber and amino acid contents for 268 samples. These samples were 
drawn from 22 states and several provinces of Canada. The composition data from these 
samples was used to formulate animal feed diets for two species, broiler chickens and swine, 
at varying life cycle stages. Brill Feed Formulation software was used to formulate the diets. 
The composition data of the 268 soybean samples, along with composition data of other feed 
ingredients were input to the Brill program. Diets thus formulated indicated variations in diet 
costs, which were used to estimate the value of soybeans with different composition. A 
comparison of this pricing system with other protein and oil based pricing systems revealed 
that an amino acid based pricing system was more accurate and showed a difference in value 
for essentially all the soybean samples. Protein had flaws for price signal transmission, since 
a wide variety of protein percentages were observed at equal diet costs. Lysine was a better 
measure of end-use value than protein (16). This work was the predecessor to the SPROC-3 
model. An international market study by Thakur (17) also showed that higher protein content 
of soybeans or meal does not necessarily imply a better quality of protein that is measured by 
key amino acids content of soybeans or meal. 
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These studies demonstrate that factors other than just protein and oil should be used 
to evaluate the end-use value of soybeans. The end-use value of soybeans should be 
calculated based on the true end-use, which primarily is livestock feed. 
The objective of this work was to estimate the value of SBM derived from given set 
of soybeans using a Soybean Processing (SPROC version 3) model with diet formulation 
modifications and to calculate the diet costs for swine and poultry feed rations containing 
soybean meals of different composition. 
MATERIALS AND METHODS 
The quality of SBM samples from international origins as published by Thakur (17) 
was compared to the quality of most commonly used ingredients in animal feed. Standard 
estimates of dietary allowances for poultry and swine were compiled from published sources. 
The importance of SBM in animal feed was established by calculating the percentage of 
amino acids requirement met by meal alone when used as one of the ingredient in poultry and 
swine diets. The percentage of SBM present in diet was considered to be 37.95% in broiler 
diet and 28.01% in swine diets. These values were recommended by published sources. 
Objective 1: Measurement of SBM value derived from soybean samples using SPROC-3 
The Iowa State University processing model SPROC-3 was used to calculate the 
yields of SBM, crude soybean oil and net hulls (used or taken out). A fiber content of 4.4% 
(13% moisture basis) was assumed for the soybean samples. A soybean meal profile of 17 
amino acids, oil and crude protein were calculated using SPROC-3 and the soybean sample 
quality. A comparison was made between soybean samples from different origins, in terms of 
meal produced. 
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The Estimated Processed Value (EPV) of soybeans (based on oil and protein alone) 
was calculated and represented by the country of origin. The percentage of soybean samples 
from each origin that would generate hi-pro (48% protein, basis 12°Io moisture) soybean meal 
was also calculated. 
Objective 2: Calculation of diet cost for swine and poultry feed rations containing soybean 
meal of different composition 
The calculated amino acid composition was used to formulate least-cost swine and 
poultry diets using Brill Feed Formulation software (15). The prices of ingredients used in 
formulating diets were the same as assumed by SPROC-3 and Brill software and are shown 
in table 8. Specifications for swine diet for 35 kg, mixed male/female animals were taken 
from the National Research Council (7) and those for poultry diet for 3-6 weeks old chicks 
were also taken from National Research Council (18). The diet costs were calculated for the 
SBM samples by directly entering the SPROC-predicted compositional data in the Brill 
software. 
The diet specifications included a list of feed sources most commonly used for animal 
feed rations including soybean meal, corn and animal fat. The specifications for corn (Yellow 
corn, grain) were taken from Feedstuffs (19). 
RESULTS AND DISCUSSION 
Table 1 shows the comparison of quality of SBM from different origins with the most 
commonly used ingredients in animal feed. The dehulled solvent-extracted SBM contains the 
highest percentages of protein and of the five key amino acids. The protein and five key 
amino acids values for the SBM samples from other origins were same as that specified for 
dehulled solvent-extracted SBM specified by the published source (19). The protein content 
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for SBM samples from Brazil were significantly higher while the five key amino acids 
content was not significantly different (P = 0.05) than the dehulled solvent-extracted SBM. 
Also the protein and five key amino acids content for U.S. SBM was not significantly 
different from the published value for dehulled solvent-extracted SBM. Table 2 shows the 
suggested dietary amino acid and protein allowances for swine fed corn-soybean meal diets 
at various body weights. Table 3 shows the suggested amino acid and macromineral 
recommendations for broiler diets in relationship to the energy content of the diet. Table 4 
shows the amino acid requirement met by the SBM samples from the ASA quality survey for 
the broiler starter when a recommended amount of SBM is used in the formulated diet. A diet 
consisting of 37.95% soybean meal and 52.81% yellow corn was considered as suggested by 
the published values (25). The amino acids provided by SBM alone either exceeded or were 
more than 85% of the total requirement. 
Table 5 shows the amino acid requirement met by the SBM samples from the ASA 
quality survey for the grow-finish swine when a recommended amount of SBM is used in the 
formulated diet. A diet consisting of 28.01% soybean meal and 63.35% yellow corn was 
considered as suggested by the published values (26). The amino acids provided by SBM 
alone were more than 50% of the total requirement in all cases. 
Quality of SBM as predicted by SPROC-3 
The Iowa State University processing model SPROC-3 was used to predict SBM 
amino acid as well as protein, oil and fiber levels. Figure 1 shows the protein and oil 
combinations of soybeans that will generate 47.5-48.5% protein SBM. The protein quantity 
in SBM that would be obtained from U.S. samples in the international survey is also shown. 
Soybeans from U.S. and Brazil will produce a high protein SBM while those from Argentina 
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will not. Figure 2 shows the protein content of soybeans, SBM samples from ASA survey 
and the SPROC-3 predicted protein for SBM derived from soybeans of known composition. 
Table 6 displays the SBM composition as predicted by SPROC-3, grouped by the country of 
origin. The amino acid levels carried accurately from whole soybeans to the meal. Although, 
U.S. soybeans were significantly lower in protein than Brazilian beans, the amino acid 
composition of the SBM from soybeans of both origins as calculated by SPROC-3 was 
similar. Thus, depending on what species of livestock is to be fed, the lower protein soybeans 
did not necessarily generate lower feed values in SBM. This finding can be very important 
for growers and processors in protein-deficient areas. 
Table 7 displays the end product yields and estimated processed values of soybeans 
(not modified for amino acid profile) as predicted by SPROC-3, grouped by the country of 
origin. The estimated processed values of soybeans were based only on their protein and oil 
content. The soybean meal protein varied with the raw soybeans composition. The EPV 
ranged from $6.79/bu to $7.13/bu. Soybeans of higher oil content or higher protein content 
did not necessarily have a higher EPV. The EPV of soybeans from Brazil was significantly 
higher than the samples from U.S. and Argentina while the EPV for U.S. beans ~ was 
significantly higher than those from Argentina (P = 0.05). Figure 3 shows the EPV of the 
soybean samples. EPV decreases when protein content decreases at higher oil content. There 
is no set trend in the change of EPV of soybeans as protein and oil contents increase or 
decrease. 
Table 8 displays the percentage of all soybean samples from different origins that 
would make ahigh-protein (48%, basis 12% moisture) soybean meal as predicted by 
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SPROC-3. It shows that 85.5% of U.S. beans, 97.2% of Brazilian and 42.1% of Argentine 
beans will make hi-pro meal. 
Diet costs for swine and poultry feed rations 
Table 9 shows the ingredients used in formulation of poultry and swine diets with 
their respective prices. Table 10 shows the swine and poultry diets formulated using soybean 
samples from different origins. It also displays the diets formulated using the SBM samples' 
composition data from different origins. Swine diet costs ranged from $107.63/ton to 
$108.86/ton for diets formulated from SPROC predicted SBM composition data and from 
$109.22/ton to $111.02/ton for diets formulated directly from SBM data available. Poultry 
diet costs ranged from $126.46/ton to $127.00/ton for diets formulated from SPROC 
predicted SBM composition data and from $126.67/ton to $127.52/ton for diets formulated 
directly from SBM data available. 
The swine diet costs for soybean samples from Other origins were significantly lower 
than the samples from U.S., Argentina and Brazil while the diet costs for SBM samples from 
India and Argentina were significantly higher than the samples from U.S., Brazil, Asia, 
China, Mexico and Other origins (P = 0.05). The poultry diet costs for soybean samples from 
Argentina were significantly higher than the samples from U.S., Brazil and Other origins 
while the diet costs for SBM samples from India were significantly higher than the sample 
from Argentina, Brazil, U.S., Asia, Mexico and Other origins (P = 0.05). Also the diet costs 
for samples from Argentina were significantly higher than the samples from U.S, Asia and 
other origins (P = 0.05). 
Table 9 also lists the protein contents of SBM used in diet formulation. A higher 
protein content of meal did not guarantee a low cost of diet for either of the animal species. 
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In conclusion, soybeans lower in protein can generate soybean meal with higher 
concentrations of important amino acids. Thus, depending on what species of livestock is to 
be fed, the lower protein soybeans do not necessarily generate lower aggregate values in 
SBM. This finding can be very important for growers and processors in protein-deficient 
areas. Livestock feeders might benefit more from lower protein soybeans depending on the 
protein quality present. Soybeans of higher oil content or higher protein content do not 
necessarily have a higher EPV. The true processed value of soybeans should be calculated 
based upon their end-use and not just by their protein and oil contents. The SPROC-3 
predicted quality of SBM from soybeans suggested that a significantly higher percentage of 
Brazilian soybeans are capable of producing ahigh-protein meal than the U.S. beans (97.2% 
Brazilian compared to 85.5% U.S. soybeans). U.S. soybeans even though lower in protein 
than Brazilian beans generated similar least-cost diets for swine and poultry. The crude 
protein disadvantage of U.S. soybeans was offset by higher concentrations of the essential 
amino acids in the lower protein beans. Thus, formulation of diets based on intrinsic protein 
quality, that is, the amino acids content of soybeans can help the U.S. formulators to capture 
the real value of U.S. beans. 
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Figure 2: Protein contents of Soybeans, SBM Measured and SBM Predicted by 
SPROC-3 
Protein Contents of Soybeans (SBP), SBM Measured 
(SBMP) and SBM Predicted by SPROC (S-SBMP) 
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All Data 
Others: Soybean samples combined in one group from: Barbados, Cambodia, Colombia, Trinidad, Vietnam 
Soybeans: 13% Moisture Basis 
Soybean meal: 12% Moisture Basis 
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Figure 3: Estimated Processed Value (EPV) of Soybeans by origin 
40.00 ---
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Others: Soybean samples combined in one group from: Barbados, Cambodia, Colombia, Trinidad, Vietnam 
All data reported on 13°Io moisture basis 
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Table 1: Comparison of quality of SBM from different origins with most commonly 
used ingredients in animal feeds
Source Protein Fiber Ash 
Protein 
Digestibility 5 Key AA 
5 Key AA as °Io 
of protein 
Corn germ meal, WMa 19.6 11.7 3.7 96.5 3.1 16.0 
Corn germ meal, DMb 17.1 10.5 3.4 - 3.0 17.4 
Sorghum gluten meal 41.1 3.4 1.8 81.0 4.1 9.9 
Wheat germ meal 24.7 3.5 5.2 89.7 5.6 15.0 
SB(full-fat, cooked) 37.2 4.9 4.5 89.7 5.6 15.0 
SBM (expeller) 41.5 6.4 5.9 84.5 6.1 14.8 
SBM (solvent) 43.0 6.8 5.9 85.2 6.4 14.8 
SBM(dehulled, solvent) 47.8 3.0 6.0 87.5 7.1 14.9 
USA, ASA study 47.5 4.2 6.5 87.7 6.9 14.4 
Brazil, ASA study 48.8 4.5 6.2 83.3 6.9 14.1 
Argentina, ASA study 46.0 4.4 6.6 84.3 6.6 14.3 
India, ASA study 46.6 6.7 7.3 86.1 6.5 13.9 
Mexico, ASA study 48.0 3.9 6.4 89.9 7.1 14.8 
China, ASA study 46.3 6.1 5.9 88.3 6.8 14.7 
Asia, ASA study 47.4 4.2 6.4 86.2 6.8 14.4 
Others2, ASA study 47.8 3.6 6.5 86.2 7.1 14.9 
12 °Io Moisture Basis 
1Source: Feedstuffs 2004 (19) 
aWet-Milled, bDry-Milled 
Others2: Soybean samples combined in one group from: Barbados, Cambodia, Colombia, Trinidad, Vietnam 
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Table 2: Suggested dietary amino acid and protein allowances for swine fed corn-
soybean meal diets at various body weights 
Item 
<--Barrows and Gilts--> 
80- 



















< Sows > 
Gestation Lactation 
AA (% of diet) 
Lysine 1.20 1.00 0.90 0.75 0.68 0.58 0.84 0.73 0.62 0.55 0.92 
Methionine 
+Cystine 0.72 0.62 0.56 0.48 0.43 0.37 0.53 0.47 0.39 0.30 0.44 
Tryptophan 0.21 0.18 0.16 0.15 0.13 0.11 0.16 0.14 0.11 0.11 0.16 
Threonine 0.78 0.67 0.60 0.52 0.48 0.40 0.58 0.51 0.43 0.45 0.58 
Arginine 0.50 0.36 0.33 0.14 0.13 0.10 0.15 0.14 0.11 0.00 0.50 
Histidine 0.39 0.32 0.29 0.24 0.21 0.19 0.27 0.23 0.20 0.17 0.35 
losleucine 0.72 0.60 0.54 0.45 0.40 0.35 0.50 0.44 0.37 0.31 0.50 
Valine 0.81 0.68 0.61 0.51 0.47 0.39 0.57 0.50 0.42 0.36 0.76 
Leucine 1.20 1.00 0.90 0.75 0.68 0.58 0.84 0.73 0.62 0.45 0.96 
Phenylalanine 
+Tyrosine 1.14 0.95 0.86 0.71 0.65 0.55 0.80 0.70 0.59 0.50 1.00 
Protein 20 18 16 16 13 12 16 14 13 12 17 
Body weight in lbs 
Source: Feedstuffs 2004 (19) 
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Table 3: Suggested amino acid recommendations for broiler diets in relationship to the 
energy content of the diet 






Arginine 0.88 0.83 0.77 0.73 0.66 0.59 
Lysine 0.81 0.76 0.7 0.67 0.53 0.5 
Methionine 0.34 0.31 0.32 0.29 0.25 0.22 
Methionine+Cystine 0.6 0.6 0.56 0.5 0.46 0.41 
Tryptophan 0.16 0.15 0.12 0.11 0.11 0.1 
Histidine 0.24 0.22 0.22 0.2 0.2 0.18 
Leucine 0.84 0.64 0.81 0.76 0.76 0.72 
Isoleucinea 0.54 0.51 0.52 0.48 0.45 0.4 
Isoleucineb 0.56 0.54 0.55 0.51 0.47 0.42 
Phenylalanine 0.59 0.53 0.51 0.47 0.42 0.38 
Phenylalanine+Tyrosine 1.04 0.98 0.95 0.87 0.78 0.7 
Threonine 0.53 0.49 0.43 0.41 0.42 0.38 
Valine 0.66 0.63 0.62 0.57 0.51 0.46 
Protein 15.25 15.25 13.75 13.75 12.25 12.25 
aBased on 24-hour hydrolysis of ingredients 
bBased on 72-hour hydrolysis of ingredients 
All nutrients expressed as percent per metabolizable megacalorie per pound of feed. To determine the actual percentage of 
the nutrient required in diet, multiply the value in the table by the metabolizable megacalories per pound of diet to be 
formulated. 
Source: Feedstuffs 2004 (19) 
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Table 4: Amino Acids supplied by SBM assuming 37.95 % meal present in formulated 






% of requirement 
met by SBM 
Arginine 3.45 1.28 102 
Lysine 2.96 1.18 95 
Methionine 0.63 0.49 49 
Methionine+cystine 1.32 0.87 57 
Tryptophan 0.68 0.23 113 
Histidine 1.27 0.35 137 
Leucine 3.63 1.22 113 
losleucine 2.16 0.79 104 
Phenylalanine 2.4 0.86 106 
Phenylalanine +tyrosine 4.06 1.51 102 
Threonine 1.78 0.77 88 
Valine 2.32 0.96 92 
The amount of soybean meal recommended in diet is 37.95%. 
Source: University of Florida Extension (25) 
56 
Table 5: Amino Acids supplied by SBM assuming 28.01 % meal present in formulated 
diet for Grow-Finish (swine) diets 
Nutrient 
AA (ASA AA 
survey) requirement 
% of requirement 
met by SBM 
Lysine 2.96 1.15 72 
Methionine 0.63 0.31 58 
Methionine+cystine 1.32 0.65 57 
Tryptophan 0.68 0.23 83 
Histidine 1.27 0.32 113 
Isoleucine 2.16 0.68 90 
Phenylalanine 2.4 1.33 50 
Phenylalanine+cystine 4.06 1.67 68 
Threonine 1.78 0.76 66 
Valine 2.32 1.00 65 
The amount of soybean meal recommended in diet is 28.01%. 
Source: North Carolina State University Extension (26) 
Table 6: Amino acid levels in SBM by origin calculated by SPROC-3 
Soybean Compositions Soybean Meal Compositionb
Case 
Protein Oil Lysine Methionine Threonine Protein Lysine Methionine Threonine 
USA 34.76 18.24 2.22 0.48 1.33 47.71 3.16 0.69 1.88 
Brazil 35.45 19.52 2.22 0.47 1.34 48.78 3.17 0.68 1.88 
Argentina 33.3 19.07 2.16 0.45 1.3 47.18 3.17 0.66 1.91 
Others 35.98 18.49 2.39 0.51 1.39 48.92 3.34 0.72 1.91 
All data 34.82 18.76 2.22 0.47 1.33 48.11 3.17 0.69 1.88 
aBasis 13°Io Moisture 
bBasis 12% moisture 
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Table 7: End product yields and EPV values of soybeans by origin calculated by 
SPROC-3 
















USA 34.76 18.24 42.53 47.88 10.64 4.69 6.94 
Brazil 35.45 19.52 42.7 48.78 11.42 3.64 7.13 
Argentina 33.3 19.07 40.88 47.18 11.15 5.76 6.79 
Others 35.98 18.49 43.13 48.92 10.8 3.91 7.05 
All data 34.82 18.76 42.37 48.11 10.96 4.5 6.98 
Target meal protein of 48% as per NOPA trading rules 
aBasis 13% moisture 
bBasis 12% moisture 
Table 8: Soybean samples that would make high protein soybean meal 
Protein Oil % of samples that would 
Origin % % make hi-pro meal 
USA 34.88 18.24 86 
Brazil 35.45 19.52 97 
Argentina 33.30 19.07 42 
13% Moisture Basis 
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Table 9: Costs of ingredients used in formulating swine and poultry diets using Brill 
Ingredient Cost ($/100 lb) 
Corn grain, ground 3.83 
Soybean meal 10.58 
Animal fat, hydrolyzed) 10.50 
Meat and bone mea12 9.85 
Artificial Methionine3 109.00 
Dicalcium phosphate 12.68 
Artificial Lysines 92.00 
Limestone6 1.22 
Salt (Sodium Chloride)' 2.00 
Swine vitamin-trace mineral premix$ 200.00 
Swine vitamin premix9 50.00 
BMD 75 (antibiotic: bacitracin methylene 
disalicylate and chlortetracycline)4 334.00 
i,a,s,aUsed in poultry diet formulation only 
s,6,~,g,9Used in swine diet formulation only 
Source: (14, 15) 
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Table 10: Swine and poultry diets formulated from Soybean and SBM samples by 
Origin 
SWINEa POULTRYb
Origin SBM protein° %Diet Cost $/ton Diet Cost $/ton 
Soybeansd- Calculated to SBM 
USA 47.88 108.86 126.64 
Brazil 48.78 108.78 126.73 
Argentina 47.18 108.74 127.00 
Others 48.92 107.63 126.46 
Soybean Meal- Actual samples 
USA 47.49 109.88 126.91 
Mexico 47.96 109.22 126.67 
Argentina 45.95 110.84 127.26 
Brazil 48.8 109.93 127.09 
India 46.59 111.02 127.52 
Asia 47.39 110.01 126.97 
China 46.31 109.91 127.19 
Others 47.78 109.46 126.77 
a35 kg, mixed male/female animals 
b3-6 week old chicks 
X12% Moisture Basis 
dSoybean meal protein as calculated by SPROC-3 
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CHAPTER 4. GENERAL CONCLUSIONS 
Several conclusions can be drawn: 
1. U.S. soybean meal was more consistent with higher digestibility, lower fiber and 
better quality of protein than SBM of other major export origins of Argentina, Brazil 
and India. 
2. While the average total protein contents were higher for the SBM from Brazil, the 
percentage of total digestible amino acids and the limiting amino acids was highest 
for the SBM from U.S. and China. The key feeding value parameters were not 
necessarily decreased by an overall reduction in protein level. 
3. The crude protein disadvantage of U.S. soybeans was offset by higher concentrations 
of the essential amino acids in the lower protein beans. This can be used to our 
advantage if the market will recognize amino acids rather than just crude protein as 
the indicator of feeding value. 
4. The U.S. soybean meal was higher in the five key amino acids content for both swine 
and poultry feed uses, which when combined with higher digestibility would give 
U.S. meal an advantage in the diet rations balanced on the basis of amino acids 
requirement of the animals being fed. 
5. Soybeans lower in protein can generate soybean meal with higher concentrations of 
important amino acids. Thus, depending on what species of livestock is to be fed, the 
lower protein soybeans do not necessarily generate lower aggregate values in SBM. 
Livestock feeders might benefit more from lower protein soybeans depending on the 
protein quality present. 
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6. Soybeans of higher oil content or higher protein content do not necessarily have a 
higher processed value. The true processed value of soybeans should be calculated 
based upon their end-use and not just by their protein and oil contents. 
7. U.S. soybeans besides being lower in protein than Brazilian beans generated similar 
least-cost diets for swine and poultry. Formulation of diets based on intrinsic protein 
quality, that is, the amino acids content of soybeans can help the U.S. formulators to 
capture the real value of U.S. beans. 
RECOMMENDATIONS FOR FUTURE RESEARCH 
The current research utilized soybean and soybean meal samples from different 
origins but the soybean source of the meal samples were unknown. In future, a soybean and 
soybean meal quality survey involving meal derived from the same soybeans that are used in 
quality survey could produce a more compelling case of comparison. 
